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ABSTRACT 

In this chapter we try to review and arrange the studies on sperm nuclear basic proteins tSNBPs) carried out in several 
groups of dcuterostomes (tunicates, cephalochordates* agnathans, chondrichth'yans and osteichthyans), Four general 
points arise: L There are two main types of SNBPs; a. proteins similar to histones bur with enhanced basicity, named here 
'"PL" (protamine-tike) and b. very specialized proteins, named here "P"; 2. TheTL" proteins have appeared independently 
several times during deuterostomc evolution; 3 In some cases, ,k P" proteins may have arisen from "PL" proteins* but other 
origins can not be ruled out for a particular P protein; 4, The classical evolutionary point of view about the appearance of 
prolamines (histones -> intermediate proteins protamines) is re-interpreted as histones PL proteins -* P proteins in 
this paper. This transition seems to have repeatedly occurred during the evolution of different groups of deutcrostomes. 
Nevertheless, U should not be interpreted as a continuous evolutionary line of the sperm proteins of the whole 
dcu terns tome line. In other words, there does not exist an apparent continuous evolutionary line relating Lhe SNBPs of 
echinoderms with the bony fish and tetrapod protamines. 


RESUME 

Les proteines nucleaires basiques des spermalozoides cbez les Tuniders, Cephalocordes, 
Agnathes ct Poissons 

Nous essayons dans ce ehapitre de faire une synthese des fttudes concemanl les protcincs nucleates basiqties des 
spermatozoides (PNBS) qui onl etc effectuees sur plusieurs groupes de Deutorostamiens (Tumciers, Ccphaloeordes, 
Agnathes* Chondrichthyens et Gstoichthyeus). Quatre points gemSraux emergent: 1. LI existe deu\ types principaux de 
PNBS: a. des proteines similajres aux histones mais avee Line basicite augrnem.ee, nommde ici "PL” tproches des 
protamines), et b. des proteines trds special!sees, nommdes ici 4t P'\ 2. Les protcincs "PL" sont apparues independamment 
plusicurs to is pendant revolution dcs Dcuterostomiens. 3. Dans certains eas, les proteines "P” peuvem etre apparues k 
partir dcs proteines "PL", mais d autres origmes ne sont pas a exdure dans le cas de certaincs proteines P. 4 Le point dc 
vue evolutif classiquc concern ant V apparition des protamines (histones —> protcincs intermedialres -» protamines) est re¬ 
interprete dans cet article comme: histones -a proteines PL proteines P. Cette transition st-mble s etre produitc dc 
maniere r£pdtee pendant revolution des differents groupes de Deutorostomiens. Ncanmoins. elte ne doit pas etre 
inierpretcc comme une ligne devolution continue des proteines des sperm atozofdes dans F ensemble de la lign£e des 
Deuterostomiens. En d T autre tenues, il n'cxistc pas dc ligne d evolution continue reliant les PNBS des Echinodermes aux 
protamines des Poissons osseux et des T£trapodes* 


Chiva, M,* Safer as, N,, CAcerfs* C, & Ausiq, J, t 1995. — Nuclear basic proteins from the sperm of tunicates, 
cephalochordates, agnathans and fish. In: Jamieson, B. 0. M lt Ausio, J., & Justine, L L (eds), Advances in Spermatozoa! 
Phytogeny and Taxonomy. Mem. Mus. nam Hist, nett,, 166 : 501-514. Paris ISBN: 2-85653-225-X. 
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In recent years, we have perfomed a series of studies on the SNBPs in deulerostomes 
intended to link information already available from echinoderms [44], and from several groups of 
fishes and tetrapods [reviewed in 22, 31-32], The sperm nuclei of echinoderms contain somatic 
histones or specific histones with specialized N- and C-terminal domains. In contrast, the SNBPs 
from fish (also referred to as “typical protamines”) are very short proteins (about 30 amino acid 
residues), consisting mainly of arginine and a few other types of amino acid residues [31], Two 
hypotheses have been proposed for the evolution of SNBP in deuterostomes. One of them relates 
the SNBPs from echinoderms to fish protamines [44], The second one proposes a foreign origin 
for the “typical protamine” of bony fish [21. 27], However, there was a complete absence of 
information about the SNBPs of deuterostomes from intermediate taxonomic groups. In this 
chapter we arrange the information already available on the SNBPs of these groups, which may 
help to clarify some basic and general aspects of the evolution of these molecules. Yet there are 
several major difficulties in establishing the evolutionary link amongst different SNBPs. They 
stem from the remarkable variability of these proteins, the limited amount of information still 
available and the lack of a general consensus about the phylogenetic relationship among different 
groups of deuterostomes [12, 45], 


RESULTS 

SNBPs from Timicaies 

In recent years, we have studied the SNBPs of several species from four different families 
of ascidiacean tunicates [9-10, 36]. The main conclusion from these studies is the general 
constancy in the SNBP pattern exhibited in each of them. Figure 1A shows the electrophoretic 
patterns of four species, each one belonging to a different family. Tn all cases, they consist of a 
major protein (PLasc) (asc = ascidiacean) which migrates close to the position corresponding to 
histone H4. Each one of the patterns shown in Fig. 1 is representative of all the studied species 
belonging to the same family, except in the case of the family Slyelidae, Within this family, the 
two species studied of the genus Styela (S. plicata and S. montereyensis) display a slightly more 
complex SNBP electrophoretic pattern (Fig. IB). Styela species contain, in addition to the PLasc 
protein, a significant amount of other proteins. 

The PLasc proteins consist of about 150 amino acid residues, and are rich in arginine, 
lysine, and relatively rich in glycine (Table 1). The studies carried out to date [35, 36] indicate that 
PLasc exhibits the same tripartite structural organization which is characteristic of histone HI 
[19]; An N- and a C-terminal tail flanking a centra) hydrophobic core (Fig. 1C). The N-terminal 
region has only two arginine residues (NHt-R-R-). The trypsin-resistant core consists of 74 
amino acid residues and has an amino acid composition (Table 1) and sequence [35] that 
ressemble those of the trypsin-resistant cores from both HI histones [1] and some of the SNBPs 
from bivalves [3] and gastropod molluscs [15]. The C-terminal tail is verv basic (Table I) and its 
sequence does not display any similarity with the N- or C-terminal tails of the SNBPs from 
echinoderms ([35] and unpublished results). 

In the case of the genus Styela, the slow migrating protein (PLsty. 1 in Fig. IB) contains 


Note: 

In this article the PL proteins of small molecular weight resulting from post-translational cleavage of larger PL precursors 
have been generic ally referred to as P proteins. I his nomenclature has been adopted to emphasize the structural 
similarity existing between these proteins and protamines as discussed in the preceding article (Austo this 
volume]. 

Abbreviations: 

m = ammo acids, AUT - Acetic Acid/ Urea/Tnton Gel Electrophoresis, SDS = Sodium Dodecy] sulfate, 
SNBPs ~ Sperm Nuclear Basic Proteins 
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Fig, l, — A: Electrophoretic pattern of SNBPs from four ascidiaccan tunicate species. Each species belongs to a ditferent 
family: a, Ascidia cdllosa (Ascidiidaej; b, Chelyosoma production (Corcllidae); c, Boltenia villota jPyuridae); d* 
Cnemidacarpa fmmarkiensis (Styelidae); st, proteins from the sperm of the ratfish f HydrolaguS collici) used as a 
marker standard [10] B: Comparative electrophoretic analysis of PLase (jane d) and the SNBPs of two species 
from the genus Styefo ; e, S . plicata* I, S. mometeyensts* The JirecLion of electrOphoresis is from top (+) to bottom 
F). C: Schematic representation of the structural organization of the PLase molecule; NT: amino-terminal domain 
(2 arginine residues); CC. trypsin-resistant hydrophobic core (-75 amino acid residues): CT, earboxy-terminal 
domain (70-75 amino acid residues), 


also a trypsin-resistant peptide and an amino acid composition similar to that of PLase {Table 1) 
[35, 36]. The protein Psty.2, of higher electrophoretic mobility, displays microheterogeneity and 
consists of three distinct forms that can be resolved by HPLC [36] and that exhibit an almost 
identical amino acid composition (Table l). Table 1 also shows the enormous compositional 
resemblance that exists between the C-lerminal tail of PLase and protein Psty.2. Phis fact is ol a 
special interest because it suggests a close relationship between these two molecules (see 
discussion). 

In summary, the sperm nuclei of the ascidiacean tunicates consist of a protein (PLase) 
which is different both from specific sperm histones of echinodcrm and from the “typical 
protamines’' of the bony fish. This protein appears in all families studied and may represent the 


Source MNHN Pans 



504 


M. CHJVA ETAL. : NUCLEAR FROTE!NS OF CHORDATES 


Table 1. — Ammo arid composition (mol %} of the SNBPs from tunicate* (a-g) and from the cephalochordaie 
Brcmcluostoma fhridae (h), As a comparison, the composition of a PL III protein (a SNBP from the bivalve 
mollusc Cnmomytilm gray anus [29]) is shown in lane (ij; a, protein PLsty,l (PL of Styeki pticata); b, PLas c 
(S. plicate); c, trypsin resistant core of PLasc (5, piieata)\ d. C-terminal domain of PLasc (S. pficata); e-g, each 
one of the three components of P,$tv,2 protein (S. pficata). 
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Fig. 2 — A: Electro p ho retie pattern of 
Branchiosioma Jloridae SNRPs (lane e) t shown 
in comparison with the SNBPs from the tunicate 
Styela plicate (lane b) and a chicken erythrocyte 
histones standard (lane a). B: First nine amino 
acid residues (N-terminus) of Peeph protein. 
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ancestral SNBP ot ascidiacean tunicates. Nevertheless, in some particular groups, as in the genus 
Sty'du, some variations to this general protein pattern have occurred; namely, the appearance of a 
shorter and more basic molecule (Psty.2) in addition to molecules similar to PLasc (for example 
PLsty.l). r ’ 
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SNBPs from Cephalochordates 

The phylum Cephalochordata consists of two genera (Branchiostoma and Epigonichtys) 
[28], The SNBPs from Branchiostoma floridae have partially been characterized [401. Their 
electrophoretic pattern (shown in Fig. 2A) displays a main protein component (Pceph in Fig. 2A ) 
which is accompanied by small quantities of residual histones [40]. Pceph has an electrophoretic 
mobility similar to that of tunicate protein Psty.2. Its size, estimated from the electrophoretic 
behaviour is of about 120 amino acid residues, and its compositional analysis (Table 1) is very 
simple. The protein consists of only six different types of amino acid residues, with arginine, 
lysine, alanine and serine being the most abundant. It is interesting to note, with regard to the 
amino acid composition and size, that Pceph is more similar to SNBPs from bivalve molluscs 
than to other deulerostome SNBPs (Table 1). The N-terminal sequence (shown in Fig. 2B) 
contains three alternating arginine-serine motives. Such an alternation of basic (R/K) and 
phosphorylatable residues (S/T) has also been observed in the SNBPs from several gastropod and 
bivalve molluscs [6, 13, 17], birds and mammals [30-31], but it is not present in the “typical 
protamines" from bony fish (Fig. 5B). 

In summary, the protein Pceph shares some characteristics with typical protamines such as 
its low amino acid diversity, its basic composition and the presence of serine. Yet. Pceph and 
“typical" protamines have several distinctive features, First, in Pceph lysme and arginine are 
present in similar proportions (24.7% and 25.3% respectively) whereas protamines consist almost 
exclusively of arginine. Secondly, Pceph displays an alanine rich amino acid composition 
(21.7%) not found in protamines. Finally, Pceph has a much larger size than "typical protamines" 
and contains the repetitive motifs arg-ser which is absent in bony fish protamines, 

Table 2. — Amino acid composition (mol %) of the sperm histones of the lamprey Petromyzon marmots (PM) vn 

comparison lo the somatic histones from call thymus iCT) [26]. 
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SNBPs from A gnat turns 

The nuclear sperm proteins from Agnatha have only been studied in one species of lamprey, 
Petromyzon mar in us [40J. Nuclei isolated from ripe sperm of P. marinas consist only of histones 
(Fig. 3A-C). According to the chromatographic and electrophoretic behaviour as well as to the 
compositional amino acid analyses (Table 2), the sperm histones of P. mar in us do not exhibit any 
specific characteristics that distinguish them from the somatic type. This is surprising considering 
that agnathans have appeared relatively late in evolution and it contrasts with the strong tendency 
of tunicates and cephaloehordates to have specialized proteins in their sperm nuclei. It is necessary 
to study the SNBPs of more agnathans in order to determine whether the absence of specialized 
nuclear sperm proteins is just a specific characteristic of P. mar inns or represents the general trend 
in agnathans. Nevertheless, the absence of specific proteins and the presence of somatic-like 
histones in the sperm nucleus also occurs in some groups of bony fish (see below). 




M2A 



H3B 










B 


C 


Pic. 3. — A; Light microscopy micrograph of ripe sperm used for the analysis of the nuclear sperm proteins of 
Petromyzon inannus tx i 000). B, C: Two-dimensional electrophoretic protein patterns of SNBPs from 
Petromyzon manntix (3C). and histones from chicken erythrocyte (3B) used as standard. The direction of the 
electrophoresis was lelt (+) to right (-) [first dimension, AUT) and lop I-) to bottom (+) (second dimension, SDS). 
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SNBPs from Chondrichthyes 

The class Chondrichthyes consists of two lineages that diverged very early in its evolution: 
Holocephali and Elasmobranchii [28], The Elasmobranchii diverged later giving raise to the 
Selachimorpha (sharks) and the Batidoidimorpha (skates). The electrophoretic patterns of the 
SNBPs from eight selachians, one batoidean and one holocephalun species are shown in Fig. 4. 
AH contain several basic proteins in their sperm nuclei. One of these proteins (Pcon.Z3 in Fig. 4) 
can be directly extracted with dilute acids. However, the other major proteins (Peon-Zl. Z2) 
require chemical reduction of the nuclei before they can be solubilized by acids. The need for 
reduction prior to protein extraction is a characteristic of cysteine-rich proteins owing to the 
formation of intermolecular S-S bridges in the ripe sperm nuclei. The SNBPs from the selachian 
Scyliorhinus canicula have been characterized previously [18] and they are representative of the 
SNBP pattern in all selachian species (see the similarity among selachian SNBPs in Fig. 4A). The 
electrophoretic pattern of the SNBPs of one batoidean species (Raja rhina) is shown in Fig. 4A. 
Unfortunately, there is no information available on the amino acid composition of batoidean 
SNBPs. The holocephalan Hydrolagus colliei contains several minor proteins and three major 
proteins [37] (see also Fig. 4A). The amino acid compositions of the main H. colliei SNBPs are 
shown in Table 3 in comparison with the corresponding proteins form 5. canicula . 

In Fig. 4B we compare the N-terminal sequence of Pcon-Z3 from H. colliei [37] with the 


■ 



(a) ARRRHSMKKKHKSVHRRKTRKNTRKRKNSLGR 
B (b) ARSRSRRSYGRGRRRGGRRRRRRRRRRRGGR 


Fig. 4. — A: Electrophoretic pattern of the SNBPs of eight selachian species la-h), one batoidean (i) and one 
chi maeri form (j). a, (Meus melastptnus; b* Scyliorhinus canicula (a, b* family Scyhorhinidae* Order Lamniformes); 
c, CentrofcymnuS coelotepts; d, C, crept Uuer. e, Centmphorus ttyaio: t\ C. squamosusy g T Oeania prof undo rum \ 
h, Etmopterus pusitlus (c h family Squalidae, Order Squaiiformes); i. Raja rhina (Rajidae, Rajiformes); 
j, Hydrolagus colliei (Chimaeridae, Chimacri formes). B: N-terminal sequence of ihc protein Pcon-Z3 from 
Hydrolagus colliei (a) compared with the sequence of the protein Pcon-Z3 from Scyliorhinus canicula (b) [42], 
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corresponding protein in S. canicula [42] (referred to as 23 in the original works of GUSSE & 
CHHVAILUER [18]). 

Judging from the information available, it appears that chondrichthyans share a common 
SNBP pattern consisting of a very basic cysteine-lacking protein (Pcon-Z3) and a reduced set of 
cysteine-containing proteins (Pcon-Zl. Z2). It also appears that the amino acid composition and 
sequences of the SNBPs have undergone a remarkable divergence during the separation of 
holocephalans and selachians (Table 3 and Fig. 4B; see [37] for a more extensive discussion). 

Table 3. — Amino acid composition (mot %) of proteins Pcon.Zl, Z2 and Z3 from Hydrolagus colliei (HC), and 
Scytiorhinus canicula (SC). Pcon.Zl, Z2 and Z3 compositions from S. canicula are from [8. 25. 42], 

Res* ~ Total number of amino acid residues. 
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SNBPs from Osteichthyes 

We have studied a number of bony fish species [35. 38-39. 41] and have exhaustively 
reviewed the information on osteichthyan SNBPs [41]. The most striking feature that emerged 

rom he f e . ana b se ® apparent lack of a unique protein pattern which could be considered 

representative of all the SNBPs of this group. With a few exceptions [23, 24], the SNBPs of fish 
belong to one of the live electrophoretic patterns shown in Fig. 5 [39]; namely a presence of 

sihIi? 1C v 1S m'^ CS i an a a ! >Sen L e 0t - any other s P erm_ specific nuclear protein (this is a similar 
wim^r^ dest i nb ^ d in thc agnathan P. marinusf b, presence of somatic histones but 
, a mar ^ ed increase in the histone HI contem (in this case we will consider that the specific 
uclear protein corresponds to the additional increase of the corresponding HI); c, presence of a 
histone complement coexisting with one additional SNBP belonging to PL type- d presence of 

Z Z PL P ^TV h f l C °T letel - V feplaCe hlSt0n£S sperm nuclei; and e,' presence of 
differ ! n ineS - hlCh a S0 repIace com P letc ly somatic histones. There appear to be important 
difterences between "typical protamines” and the SNBPs from groups b. c and d. The former 
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Fig. 5. — A: Several representative electrophoretic patterns of the main SNBPs from bony lish; a. somatic histones 
t Trigla Interna, Triglidac); b, somatic histones with increased quantities of HI {PhgeUus acarne, Spaddae); 
c, somatic histones coexisting with an additional specific protein belonging Ui PL type (el: Mertucciiu cape ns is, 
Merlucciidae, c2; Cataelyx Utticeps. Bythitidae); d, protein PL which replaces histones in sperm nuclei (Mutlus 
surmuletus* Mullidae); e« “typical 1 ’ fish protamine {Dicentrarchus labrax , PemchLhyidae). Chicken erythrocyte 
histones used as a standard (h) and commercial sal mine (s) are shown for comparison in each electrophoresis. 
R: Amino acid sequence of some bony fish lypical 1 ' protamines (3h 38]. a, Dicentrarchus labrax; b-e.luna 
fish (Tlmnnrn thynmts) b t fraction VI. c, fraction Y2, d. fraction Zl, and l\ Fraction Z2; f. protamine 2b from 
rainbow trout {Scihno irideus). C: Schematic represen tali on of the structural organ izaton of PL From 
M sunnnleins: NT 20 aa residues; CC: ~75 aa residues; Cl SO-85 aa. 


are very small molecules consisting of a few amino acid types (see Table 4-e and D. labrax 
protamine sequence [38] in Fig. 5B). In contrast, the SNBP from the other groups are larger 
molecules, and exhibit a more complex amino acid composition which may be considered similar 
to that of the histones of the Hl/H5-family, but with a higher arginine content (type PL). These 
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Table 4. — Amina acid composition (mol %) of the bony fish SBPs shown in figure 5; a) whole histones from T. lucetrut 
sperm nuclei; b) HI histone of P '. amrne\ cl) specific sperm protein of AT capeiuis; c2) SNBP of C. Uiticepr, d) 
majn PL of M. surmutetus; e) "typical" protamine of D, fab rax. 
t = trace amounts 



a 

b 

cl 

c2 

d 

e 

Lys 

16.7 

21.7 

17.9 

19,3 

24.2 


His 

L*6 

- 

- 

6,5 

- 

_ 

Arg 

7,9 

3.5 

19.2 

10,4 

22,1 

61.8 

Asx 

3,3 

4.5 

2,0 

3.6 

5.1 

2.9 

Thr 

4.9 

2.9 

6,9 

5,4 

4.5 

5,9 

Ser 

5,0 

8.4 

6.9 

8,4 

9.2 

5.9 

Gt* 

6,2 

6.4 

1,3 

5.4 

t 

2.9 

Pro 

5.7 

10/9 

14.6 

7,8 

6,8 

5,9 

Gly 

9.3 

11,7 

7,7 

6,3 

5.4 


Ala 

13.4 

18.3 

14,5 

7.1 

1 1,9 

5.9 

1/2 Cys 

I 

- 

* 

- 

_ 


Va1 

7,2 

5,4 

3 0 

4,2 

4,9 

8.8 

Met 

I 

t 

_ 

3,6 

t 

_ 

lie 

5,5 

U 

0,6 

3.2 

t 

_ 

Leu 

9.7 

4,6 

4,3 

6.6 

5,8 

_ 

Tyr 

1.3 

- 

1.0 

l 

t 

_ 

Phe 

2,3 

0,9 

- 

1.9 

t 

- 


teatures are common to both the PL proteins that coexist with histones in the sperm nuclei (lanes b 
and c in Fig. 5 A. and T able 4), and to those PL proteins that wholly replace histones, as occurs in 
the family Mullidae (Fig. 5A lane d, and Table 4). The electrophoretic pattern of the SNBPs of 
this family consists ot two proteins of almost identical electrophoretic mobility and amino acid 
composition. They could possibly have arisen from a unique ancestor by a mechanism of gene 
duplication [38], The partial sequence of one of them [35] indicates that it consists of 
approximately 180 amino acid residues organized in three structural domains (N-terminal, central 
core and C-terminal), as in HI histones (Fig. 5C). The N-terminal region is 20 amino acid long 
(50% of them being basic residues) and contains the repetitive motive Ser-Pro-basic-basic which 
has been described in the N- and C-terminal regions of the sperm histones from echinoderms [33, 
43h fhe cential core is trypsin-resistant and displays a high percentage of similarities with the 
equivalent tegion ot Hi histones. The C-terminal zone is about 85 residues long and contains 
most (-70%) of the basic amino acid residues of the molecule. 

DISCUSSION 

Characteristics ami distribution of SNBP molecules 

Taking into account the structural and compositional features of the deuterostome SNBPs 
(other than his tones), it is possible to group these molecules into two categories, I) proteins 
similar to histones (mainly to the HI type), and II) highly specialized proteins. 

The first group, referred to as PL (protamine-like) owing to its enhanced basicity, are 
relatively large proteins, with a complex amino acid composition similar to that of histone Hi. All 
PL proteins studied to date share the same general molecular organization. All of them have a 
try pstn-resistant core consisting mainly ol neutral amino acid residues, flanked by verv arginine 
and/or lysme-rich N- and C-terminal domains. Depending on the species. PL proteins may be able 
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P 


Fig, 6. — Different mechanisms of post-translational processing in SNRPs leading to specialized P proteins; A: Direct 
translation from mRNA; e.g. * Typical** protamine of bony fish, [20]. B: Translation of a precursor which leads to 
the appearance of a P protein by a single proteolytic cleavage; e.g. ''protamines of cephalopod molluscs [46], 
C; Translation of a precursor which undergoes several progressive cleavages. Bach cleavage introduces important 
changes in the extent of chromatin condensation; e.g, bk protammes T * of neogastropod molluscs [4j; and the 
mammal P2 protamine [7]. D: Translation of a large PL protein. The C-tenminal domain is cleaved to generate a 
very specialized P protein and a second PL protein; e.g, bivalve molluscs [5-6], 


to replace somatic histones to different extents. Among the deuterostomes studied so far, PL 
proteins appear in all ascidiacean tunicates {PLasc) as well as in some tishes (Mullus, Mertuccius. 
etc.). However, it is interesting to note that PL proteins are also present in protostomes such as in 
the case of PL-I and PL-11 of bivalve molluscs [31 and “protamines” of patellogastropods and 
polyplacophorans [15, 16]. The origin of this type of protein is not well established. From the 
sequences published [3] and the ongoing analysis of the sequences of PLasc and PL from Mullus 
[35], it becomes apparent that the central core of these proteins shares an enormous similarity with 
the globular core of the histones of the HI family. Therefore, PL proteins may be evolutionarily 
related to this histone. In contrast to the central core, the PL N- and C-terminal tails exhibit an 
enormous compositional variability. From the evolutionary point of view, there does not seem to 
exist a direct link among the zoological groups which display PL proteins. In our opinion, the PL 
sperm specific proteins may have appeared independently, several times during the evolution of 
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the animal kingdom (bivalves, polyplacophors, patellogastropods and tunicates. and several limes 
among fish). 

The proteins of the second type, which we refer to here as “very specialized proteins’" (or 
“P" proteins}, exhibit the following characteristics: they are short molecules (from approximately 
30 to 120 amino acid residues) and they exhibit a very simple amino acid composition (with only 
a very few amino acid types). Arginine and/or lysine are present in a large amount (50%-80%) 
and hydrophobic residues are scarce or absent. Among the deuterostomes studied here. P proteins 
appear sporadically in tunicates (Psty.2 in genus Stye la), in cephalochordates (Pceph), in 
chondriehthyan fishes (Pcon.Z3) and in osteichthyes (typical protamines). However, as occurs 
with PL proteins, P proteins are widely distributed over a broad spectrum of both 
phylogenetically distant and closely related groups. Thus P proteins have been described in 
bivalves [2], archaeogastropod molluscs [13-14, 16-171. neogastropods (“ripe” protamines) [4], 
cephalopod molluscs [46], crustaceans [II], echinoderms (Ooprotein) [34] as well as in fish, 
amphibians, birds and mammals [22, 31, 47], These P proteins are not always homologous and it 
is reasonable to think that they have also appeared independently several times and from several 
different cellular processes (Fig. 6) during the course of evolution. In the case of bivalve 
molluscs, it has been demonstrated that some “specialized proteins” (PL-IV in the original w orks 
of CARLOS et al. [5-6]) actually correspond to the C-terminal region of a larger protein precursor 
belonging to the PL type (referred to as PL-1 by some authors) (see also AUSIO, this volume). 
They appear in the nuclei following a precise proteolytic cleavage (Fig. 6D), From this 
perspective, the similarity between the amino acid composition of the Psty.2 protein and the C- 
terminal part of PLasc (Table 1) is very suggestive of a possibly related cleavage post-translational 
mechanism in the case of these proteins. It seems possible that some P proteins have arisen from a 
simplification (genotypical or phenotypical) of other proteins of the PL type, although other 
origins for particular P proteins (as is the case of Pcon.ZL Z2) can not be disregarded. 

General evolutionary considerations 

From the information presented in this chapter, it is quite evident that it is difficult to trace 
an uninterrupted evolutionary line connecting the different SNBPs of deuterostomes. The 
proposition of an evolutionary link between histones and protamines which has been observed in 
different phylogenetic groups (histone HI PL proteins -> very specialized P proteins; see also 
AUSIO. this volume) has most likely occurred independently in each of them. Another important 
consideration to be made arises from the fact that when a group consisting of a large number of 
species is analyzed, the evolutionary trend within this group may be masked by the variability of 
SNBPs present in the limited sample of species analyzed. This is for instance the case in bony 
fish where the appearance ol “protamines" seems to be sporadic. Two hypothesis have been put 
forward to explain the apparent random distribution of SNBPs within this group. The first one 
proposes a mechanism of horizontal evolution of the genes of the fish protamines. In the second 
alternative, the phenomenon is explained by the loss of the expression of these genes during the 
formation of some groups offish [21,41], It is important to stress the fact that fish protamines, 
which for historical reasons have long been considered to be the “typical protamines”, in fact 
represent only one of the many types of the highly specialized P proteins. Fish protamines do not 
necessarily represent the final goal of SNBP molecular evolution. Yet. they are of special interest 
because ot the extent of similarity they share with the PI protamine ancestors of tetrapods [31], 

ACKNOWLEDGMENTS 

M, C.. IS. S and C. C. are very indebted to Prolessor J, A. Subikana for financial support and for providing lab 
space. We are also grateful 10 Drs. ft. Kasinsky. D. Llokis, L. Z. Holland and N. D. Holland For helpful discussion and for 
providing some ol the valuable biological specimens whose SNBP protein compositions are discussed in this paper. This 
work was supported by grant PB-93-1067 CICYT (Spain) to 1 . A, Subirana and by NSERC grant OCP-0046-399 and NATO 
grant CRG 930717 to J. AUSIO, 


Source MNHN Paris 


ADVANCES IN SPERMATOZOA PHYTOGENY AND TAXONOMY 


513 


REFERENCES 

1. Allan, J. A,, Hartman, P. G., Crane-Robinson, C <& Aviles, F. X., 1980, — The structure of histone HI and Us 

location in chromatin. Nature r 288: 675-679. 

2, Ausi6, J., 1986. — Structural variability and compositional homology of the protamine-like components of the 

sperm from the bivalve mollusks. Comparative Biochemistry and Physiology, 85 B: 439-449. 

3. Ausiri, J., 1992. — Presence or a highly specific histone Hl-like protein in the chromatin of the sperm of the 

bivalve mollusks. Molecular and Cellular Biochemistry, 115: 163-172. 

4, CAceres, C., RfBES, E„ Muller, S., Cornudella, L. & Chiva, M.. 1994. — Characterization of chromatin- 

condensing proteins during spermiogencsis in a neogastropod mollusc {Murex brandaris), Molecular 
Reproduction and Development, 38: 440-452. 

5* Carlos, S. s Hunt, D. F., Rocchini, C., Arnott, D. P. & Ausiri, J. f 1993. — Post-translational cleavage of a 
histone HI-like protein in the sperm of Mytilus, Journal of Biological Chemistry , 268: 195-199 
6 . Carlos, S,, Jutglar, L., Borrell, I., Hunt, D. F. Sl AusiO, L, 1993. — Sequence and characterization of a sperm- 
specific histone HI-like protein of Mytilus californianus Journal of Biological 'Chemistry, 268: 185-194. 

7. Chauviere, M. t Martinage, A., Debarle, M, r ALlMl, E„ SAUTifeRE. P & Chevailuer, P., 1991. — Purification et 

caractcrisation des precurseurs de la protamine mP2 de smiris. Comptes Rendus des Seances de FAcademic des 
Sciences (Parish Serie Ilf, 313: 107-112. 

8. Chevailliek, P., Martinage, A,, Glisse, M. & SautiLre, R, 1987. — Ammo acid sequence of scylliorhinine Z1 and 

comparison of the primary structure of the protamines of the dogfish Scyfliarhinus caniculus\ Biochi mi cal and 
Biophysical Acta , 914: 19-27. 

9. Chiva, M,, Rosenberg, E. & Kasinsky, H. E., 1990, — Nuclear baste proteins in mature testis of the ascidian 

tunicate Styela montereyensis. Journal of Experimental Zoology, 253: 7-19. 

10. Chiva, M. t Lafargue, F., Rosenberg, E., Sc KASINSKY, H E., 1992. — Protamines, not histones, are the 

predominant basic proteins in sperm nuclei of solitary aseidian tunicates. Journal of Experimental Zoology, 
263: 338-349. 

1 I. Chiva, M,, Kulak, D. t Rosenberg, E. & Kasinsky, H. E., 1992. — A protamine in a crustacean Balanus nubilus 
(Cimpedia, Thoracica) and its coexistence with acidic proteins in sperm nuclei. Comparative Biochemistry and 
Physiology, 102 B: 935-939, 

I 2. CONWAY-Morris, S,, 1993. — The fossil record and the early evolution of the metazoa. Nature, 361: 219-225. 

13, Daban, M'., 1991. — Prolamines de molluscs gastropodes i poliplacbfors. Caracieritzacio i implicacions 
evolutive s, Ph. D. Thesis, Escola Tccnica Superior d'Enginyers Industrials de Barcelona, University Polirkcnica 
de Catalunya, Barcelona, Spain. 

!4. Daban, M., Morriconl E., Kaminsky, H, E, Sc Chiva, M,, 1990, — Characterization of the nuclear sperm basic 
proteins in one archaeogasiropod: Comparison of protamines between species. Comparative Biochemistry and 
Physiology, 96 B: 123-127. 

15, Daban, M . KASINSKY, H. E,, Lafargue, F, & Chiva, M . 1991a. — Nuclear sperm basic proteins (protamines) in 

chitons (Polyplacophora). Compositional and structural analogies with protamines of other molluscs. 
Comparative Biochemistry and Physiology, 98 B: 437-443, 

16, Daban, M,, Chiva, M., ROSENBERG, E„ Kasinsky, H, E., & SUBIRANA. J A. t 1991b. — Protamines in 

prosobranchian gastropods (Mollusca) vary with different modes of reproduction. Journal of Experimental 
Zoology, 257: 265-283, 

17, Daban, M., Martinage, A., Konach, M., Chiva, M,, Subirana. J. A, Sc Sautihre, P, 1995, — Amino acid 

sequence of the protamine from an archaeogastropod, Monodoma turbinata. Journal of Molecular Evolution, 
40: 663-670. 

18, Gusse, M, Sc Chevaillier. P„ 1978. — Etude ulirastrueturale et chimique dc la chroma!ine au cours de la 

spermiogenfese de la roussette Scyliorhinus caniculus (L ). Cytobiotogie, 16: 421-443, 

I 9. Hartman, P. G., Chapman, G. E., Moss, T. & Bradbury, E. M.. 1977, — Studies on the role and mode of operation 
of the very-lysine-rich histone Hi in eukaryotic chromatin. The three structural regions of the hisume Hi 
molecule. European Journal of Biochemistry, 77: 45-51. 

20. Iatrgu, K. & Dixon, G. H,, 1978, — Protamine messenger RNA: its life history during spermatogenesis in rainbow 

trout, Federation Proceedings , 37: 2526-2533, 

21. Jankowski, J, M„ States, i. C. Sc Dixon, G. H., 1986. — Evidence of sequences resembling avian retrovirus long 

terminal repeats flanking the trout protamine gene. Journal of Molecular Evolution, 23: [ -10, 

22. KaSINSKY, H. E,, 1989, — Specificity and distribution of sperm basic proteins, in: L. S, Hniuca, G, S Stein Sc J, L, 

Stein, Histones and Other Basic Nuclear Proteins. Boca Raton, Florida, CRC Press: 73-163. 

23. Kennedy, B. P. & Davies, PL,. 1980, — Acid-soluble nuclear proteins of the testis during spermatogenesis in the 

winter flounder: loss of the high mobility group proteins. Journal of Biological Chemistry*, 255: 2533-2539, 


Source MNHN Pans 


514 


M. CHIVA ETAL : NUCLEAR PROTEINS OF CHORDATES 


24. KENNEDY* B. P. & Davies, P. L., 1985. — Sites of phosphorylation on the high molecular weight basic nuclear 

proteins of the winter flounder. Journal of Biological Chemistry, 260; 4338-4344. 

25. Martin age, A.. Gusse, M„ BllaIche, E„ SautiEre, P & Chevailljer, P., 1985. — Amino acid sequence of a 

cysteine-rich, arginine-rich sperm protamine of the dog-fish Scyltiorhinns caniculus, Biochimica el Biophysics 
Acta, 831: 172-178. 

26. Mayes, E. L, V. & Johns, E, W„ 1982, — Accumulated data, in: E W. Johns, The UMG Chromosomal Proteins 

New York, Academic Press: 223-247. 

27. Mom, R. D., & Dixon, G H., 1988, — A repetitive DNA sequence in the salmonid fishes similar to a retroviral long 

terminal repeat. Journal of Molecular Evolution, 21: 1-7. 

28. Nelson, J. S., 1984. — Fishes of the World , 2nd edition. New York, John Wiley &. Sons. 

29. Odintsova, N. A., Svinarch.uk* F. P.. Zalenskaya, 1. A. & Zalensky, A. O., 1981. Partial fractionation and 

certain characteristics of the basic chromatin proteins of bivalve mollusc sperm, Biokhimiya (English 
translation), 46: 404-414. 

30. Oliva, R., Goren, R, Sl DIXON, G> H., 1989, — Quail (Coturnix japonica) protamine, full-length cDNA sequence and 

the function of evolution of vertebrare protamine. Journal of Biological Chemistry', 264: 17627-17630. 

3 1 .. Oliva, R, & Dixon, G. H„ 1991. — Vertebrate protamine genes and the histone-to-protamine replacement reaction. 
Progress in Nucleic Acid Research and Molecular Biology, 40: 25-94. 

32. POCCIA, D-, 1986, — Remodeling of nudeoproteins during gametogenesis, fertilization and early development 

International Review of Cytology, 105:1-65. 

33. Poccia, D, L„ 1991. — Sp histones and chromatin structure in male germ line nuclei and male pro nuclei of the sea 

urchin. In: B. Baccettl Comparative Spermatology 2Q Years After, New York. Raven Press: 61-65, 

34. Prats, E., Cornudella, L, Sl Ruiz-Carrillo, A. t 1989. — Nucleotide sequence of cDNA for <J>0, a histone to 

protamine transition protein from sea cucumber spermatozoa. Nucleic Acid Research, 17: 10097. 

35. SAPERAS, N., 1992. — Distnbucio i carocieritzacid de les protemes espermdtiques bdsiques en peixas, agnals i 

procordats Ph. D. Thesis, Escola T^cnica Superior d'Enginyers Industrials de Barcelona, Universitat Politecnica 
de Catalunya. Barcelona, Spain. 

36. Saperas* N,, Chiva, M, Sl Ausi6, J., 1992. — Purification and characterization of the protamines and related 

proteins from Lhe sperm of a tunicate, Stye la plica ta. Comparative Biochemistry and Physiology, 103 B: 969- 
974. 

37. SAPERAS, N,, CHIVA, M, t BOLS, N,C* t Kulak, D. & Kasinsky, H. E„ 1993. — Sperm specific basic proteins in the 

bolocephalan fish Hydrolag us cofliei (Chondrichthyies, Chimaeri formes) and comparison with protamines 
from an elasmobranch. Biological Bulletin, 185: 186-196. 

3 8. Saperas, N., Ripes, E,, Bursa, C, GarcIa- REG ART, R & Chiva,, M., 1993, — Differences in chromatin 
condensation during spermiogenesis in two species of fish with distinct protamines. Journal of Experimental 
Zoology, 265: 185-194. 

39. Saperas, N., Lloris, D., & Chiva, M,, 1993, — Sporadic appearance of histones, histone-like proteins, and 

protamines in sperm chromatin of bony fish. Journal of Experimental Zoology , 265: 575-586 

40. Saperas* N , Chiva. M., Ribes, E.. Kasinsky, h. E,, Rosenberg. E., Youson, J. H, & Ausi6, J„ 1994. — 

Chromosomal proteins of the sperm of a cephalpc fiord ate {Branchiostoma floridae) and an agnalhan 
(Petromvzon marinus): Compositional variability of the nuclear sperm proteins of deuteros tomes, Biological 
Bulletin* 186: 101-114. 

41. Saperas, N., Ausid, J,* LLORts, D. & Chiva, M., 1994, — On the evolution of protamines in bony fish; 

Alternatives to the “retroviral horizontal transmission" hypothesis. Journal of Molecular Evolution. 39: 282- 
295, 

42. SAUTiftRE, P„ Briand, G., Glisse, M. & Chevatllier, P. t I98L — Primary structure of a prolamine isolated from the 

sperm nuclei of the dog-fish Scylliorhinus caniatlus, European Journal of Biochemistry, 119: 251-255. 

43. von Holt, C., Strickland, W. N., Brandt, W, R ft Strickland, M„ 1979 — More hisLone structures. FEES 

Letters, 100: 201-218, 

44. von Holt, C, t deGrqgt, P,, Schwager, S. & Brandt, W, F., 1984. — The structure of sea urchin histones and 

consideration of their function, hi: G. S. STEIN, J. L. STEIN Sl W. F. Marzluff, Histone Genes: Structure t 
Organization and Regulation, New York, John Wiley & Sons: 65-105. 

45. WlLLMER, 1990. -— Invertebrate Relationships, Patterns in Animat Evolution, XIJL Cambridge, Cambridge 

University Press: 1-400. 

46. Wouters-Tvrod, D., Chartier-Karlin, M. C. t Martin-Ponthieu, A., BouTILLOn, C., van Dorsselaer* A. & 

SAL3TIERL, P,, 1991. — Cuttle fish spermatid-specific protein T, Journal of Biological Chemistry , 266: 17388- 
17395. 

47. Yelick t P, C. T Balhorn* R., Johnson* P, a,, Corzett, M,, Mazrimas* J, A,, Kleene, K, C. & Hecht, N. B,, 1987. 

— Mouse protamine 2 is synthesized as a precursor whereas mouse protamine 1 is not Molecular and Cell 
Biology,!: 2173-2179, 


Source : MNHN. Pens 


